Purpose: Post-stroke depression (PSD) is a psychiatric complication after stroke that leads to poorer stroke outcomes. Recent observational studies have indicated that lipid profiles were associated with a higher risk of stroke and depression. This study aims to further explore the possible relationship between serum lipid profiles and the development of PSD. Methods: A total of 373 acute ischemic stroke patients were examined. Serum lipid profiles including high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), total cholesterol (TC), apolipoprotein A1 (Apo A1) and apolipoprotein B (Apo B) were measured within 24 hrs of admission. Depression symptoms were assessed by the 17-item Hamilton Depression Scale (HAMD-17) at the one-month follow-up, and HAMD scores ≥7 indicated a diagnosis of PSD. Results: A total of 114 patients were diagnosed with PSD at the one-month follow-up, for a percentage of 30.6%. There were significant differences in HDL-C levels (P<0.001), LDL-C levels (P=0.002) and the LDL/HDL ratio (P<0.001) between the PSD and non-PSD groups, but no differences were observed in TGs, TC, Apo A1 or Apo B. Low serum HDL-C levels (r = −0.157, P<0.001) and elevated LDL-C levels (r =0.139, P=0.002) and the LDL/HDL ratio (r =0.227, P<0.001) were associated with HAMD scores. After adjusting for the NIHSS score, BI score, mRS score and alcohol consumption in the logistic analysis, low HDL-C levels and the highest quartile (≥3.07) of the LDL/HDL ratio were independently associated with the development of PSD (OR =0.250, 95% CI, 0.077-0.813, P=0.021 and OR =1.874, 95% CI, 1.050-3.347, P=0.034, respectively). Conclusion: Decreased levels of HDL-C and elevated levels of LDL/HDL ratio are associated with PSD. HDL-C and the LDL/HDL ratio are independent predictors of PSD.
Introduction
Stroke is one of the main causes of physical disability and has become a primary global health issue globally. 1 Post-stroke depression (PSD), a common psychiatric complication of stroke, impacts almost 33% of stroke survivors, leading to a marked decline in the activities of daily living and the social function of patients. [2] [3] [4] [5] Female sex, major physical disabilities and previous history of depression were found to be risk factors for PSD. [6] [7] [8] Despite extensive studies on PSD, its etiology and pathophysiologic characteristics have not been reliably documented.
A study on post-stroke depression is indispensable. Serum lipid profiles, which are composed of lipids, apolipoproteins lipoproteins transporters, have consistently been linked to cardiovascular and cerebrovascular events. 9, 10 Overwhelming evidence revealed the associations of HDL and LDL with coronary heart disease and ischemic stroke. 11, 12 High concentrations of HDL were shown to protect against ischemic stroke, 13,14 while high concentrations of LDL increased the risk of stroke. [15] [16] [17] In addition, it was reported that the ratio of LDL/HDL was associated with carotid atheroma. 18 The increased ratio of Apo B/Apo A1 (apolipoproteins B to apolipoproteins A1) was considered to be an important indicator to predict the onset of acute ischemic stroke. 19 Furthermore, serum lipid profiles correlate well with depression. 20 Women with low levels of HDL-C were found to have an increased prevalence and incident risk of clinical depression, 21 and the risk of long-term persistence of symptoms was doubled when HDL-C levels decreased by 0.5 mmol/L in individuals with major depressive disorder (MDD). 22 A large cohort study indicated that depression characteristics were independently related to lower HDL levels, while atypical depression characteristics were associated with higher levels of total cholesterol (TC) and higher levels of LDL levels. 23 A similar finding was reported in another study, which showed that higher TC and LDL-C levels and lower HDL-C levels were observed in both individuals with bipolar disorder and those with MDD compared to the levels of the healthy population. 24 Furthermore, remission from depression is associated with an improvement in the LDL/HDL ratio, 25 which shows the important correlation between the LDL/HDL ratio and depression. Analogously, MDD patients have been shown to be higher levels of Apo B levels and lower levels of Apo A1. 26 Serum lipid profiles are closely related to stroke and depression. However, the association between serum lipid profiles and post-stroke depression has not yet been explored. Thus, this study aims to investigate whether there are significant differences between patients with PSD and those without PSD in terms of serum lipid profiles and to explore the correlation between serum lipid profiles and the development of PSD.
Material and methods

Clinical subjects
A total of 373 patients with first-ever or recurrent acute ischemic stroke who were hospitalized in the Stroke Unit of the First Affiliated Hospital of Wenzhou Medical University between October 2013 and June 2015 were consecutively screened for study entry. The inclusion criteria were as follows: (1) age between 18 and 80 years; (2) onset of acute stroke events within 7 days; and (3) stroke was confirmed by computerized tomography (CT) or magnetic resonance imaging (MRI) upon admission. The exclusion criteria included the following: (1) transient ischemic attack (TIA) or cerebral hemorrhage; (2) history of any central nervous system disease such as dementia, Parkinson's disease, tumor, trauma or hydrocephalus; (3) a previous history of psychiatric disorders, such as depression; (4) severe apoplexy, aphasia or dysarthria that led to failure of the assessment; (5) patients with a severe acute infection or severe liver disease; and (6) patients who were fasting or had difficulty eating upon admission.
The study protocol was approved by the Medical Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University. This study was carried out in accordance with the principles of the Declaration of Helsinki. All patients or their relatives signed written informed consent.
Baseline information collection
Demographic characteristics (age, sex, body mass index [BMI, kg/m 2 ]), years of education and marital status) and vascular risk factors (hypertension, diabetes mellitus, coronary artery disease (CAD), smoking and alcohol consumption habits) were recorded through a structured interview. All clinical data were collected by neurologists who were blinded to the patients' laboratory results.
Cranial CT and MRI were performed on patients within 24 hrs and 72 hrs after admission, respectively. The lesion locations of acute ischemic stroke were recorded according to the results of the CT or MRI images.
Assessment
In our study, stroke severity was assessed by experienced neurologists using the National Institutes of Health Stroke Scale (NIHSS) upon admission. The NIHSS is often used to assess neurological deficits in patients. The higher the NIHSS score, the more severe the neurological deficits. 27 The functional outcome of stroke was evaluated by the Barthel Index (BI) at discharge, and the modified Rankin Scale (mRS) at the one-month follow-up. BI is used to evaluate the ability of independent living, especially for elderly patients with neurological diseases. 28 The mRS is used to assess the prognosis of neurological function, and a higher rank of the mRS indicates a poor outcome. 29 
Diagnosis of PSD
Depressive symptoms were screened by the 17-item Hamilton Depression Scale (HAMD-17) at the one-month follow-up. 30, 31 The assessments of clinical depression were 
Lipid profiles measurements
Blood samples were drawn from fasting patients within 24 hrs after admission. HDL-C, LDL-C, TC, TGs, Apo A1 and Apo B levels were measured by an automatic biochemical analyzer (Beckman Olympus AU2700, USA) at our hospital's laboratory. The concentrations were analyzed enzymatically by spectrophotometry using commercial reagents. The LDL/HDL ratio was divided into four quartiles (≤1.88, 1.88-2.47, 2.47-3.07 and ≥3.07). The number of patients in each quartile was recorded.
Statistical analysis
The results of the categorical variables are shown as percentages. Continuous variables are expressed as the median and interquartile range (IQR) or the mean ± standard deviation (SD) depending on the distribution of the variables. The clinical variables and levels of lipid profiles of all subjects were compared using the Chi-square test, Fisher's exact test, Student's t-test or the Mann-Whitney U test as appropriate. Spearman correlation analysis was used to determine the correlation between the Hamilton Depression Scale scores and each variable. The quartile of the ranked set of data values was used to divide the LDL/HDL ratio into four equal groups to better compare the differences in each group between the PSD and non-PSD patients. Binary logistic regression included all potential confounders with a P-value<0.05 in the univariate analysis to determine the potential influence of lipid profiles in the development of PSD. The results are presented with adjusted odds ratios (ORs) with the corresponding 95% confidence intervals (CIs). Model 1 shows the unadjusted OR of each variable, and Model 2 shows the adjusted ORs after taking the incidence of PSD as the dependent variable and both quartile 2 and quartile 3 as reference, adjusting for all potential confounders. All statistical tests were performed with SPSS for Windows (Release 17.0; SPSS, Chicago, IL, USA). The graph was drawn using Prism 7 (GraphPad Software, San Diego, CA, USA). P<0.05 was considered to be statistically significant in all tests.
Results
Characteristics of the study population
A total of 638 acute stroke patients were registered, and 373 stroke patients were included in the study ( Figure 1 ). There was no significant difference between patients who were excluded from our study and those who enrolled were diagnosed with PSD, for a percentage of 30.6%. Compared with the non-PSD patients, the PSD patients had a higher likelihood of current alcohol consumption, a higher NIHSS score upon admission (P<0.001), a lower BI score at discharge (P<0.001) and a higher rank of the mRS at the onemonth follow-up (P<0.001). There were no significant differences between the PSD and non-PSD groups in the other baseline demographic characteristics, such as age, sex and BMI (Table 1) .
Serum levels of lipids and PSD
Among all lipid profiles analyzed in our study, the average serum HDL-C levels of the PSD patients were significantly lower than those of the non-PSD patients (1.04 ±0.24 vs 1.15±0.27, P<0.001, Figure 2A ). Serum LDL-C levels (2.94±0.88 vs 2.64±0.87, P=0.002, Figure 2B ) and the LDL/HDL ratio (2.77 (2.26-3.56) vs 2.32 (1.75-2.87), P<0.001, Figure 2C ) were significantly higher in the PSD patients than in the non-PSD patients. However, there were no significant differences in the levels of TGs, TC, Apo A1, Apo B or the Apo B/Apo A1 ratio (Table 1) .
Serum lipid profiles were associated with HAMD scores at the one-month follow-up
In the bivariate correlation analysis, serum HDL-C levels were negatively associated with HAMD scores (r = −0.157, P<0.001), while both LDL-C (r =0.139, P=0.002) and the LDL/HDL ratio (r =0.227, P<0.001) showed a positive correlation with HAMD scores (Table 2) .
Serum lipid profiles and the risk of PSD at one-month follow-up
When the LDL/HDL ratio was further divided into four quartiles, compared with the non-PSD group, the PSD group had a lower proportion of patients in quartile 1 (≤1.88) (P=0.001), while the proportion of the PSD patients in quartile 4 (≥3.07) was significantly higher (P<0.001) ( Table 3 ). The HAMD scores were significantly different among the four quartiles (Table 4) . Moreover, considering the incidence of PSD as the dependent variable and both quartile 2 and quartile 3 as references, after adjusting for NIHSS score, BI score, mRS score and alcohol consumption in the logistic analysis, quartile 4 was independently associated with the development of PSD (OR 1.874, 95% CI, 1.050-3.347, P=0.034). Moreover, HDL-C was also independently associated with the development of PSD, with an adjusted OR of 0.250 (95% CI, 0.077-0.813, P=0.021). LDL-C was not significantly related to PSD incidence (Table 5) .
Discussion
To the best of our knowledge, our study was the first to explore the association between various lipid profiles and PSD. This study indicated that low HDL-C levels and a high LDL/HDL ratio were associated with the development of PSD.
Post-stroke depression can lead to poorer stroke outcomes and an increased the risk of disability and mortality. 32, 33 In our study, 30.6% of patients were diagnosed with PSD, which was consistent with the previous findings.
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Nonetheless, the mechanism of PSD has not been thoroughly studied. Changes in lipid profiles may be one of the possible factors involved in the development of PSD.
In recent years, the independent roles of lipids and apolipoproteins in the pathophysiology of stroke have been clarified. Patients with depression after stroke had a lower level of HDL-C upon admission in our study, which was in line with the findings of previous studies. 35, 36 Our results
showed that TGs, TC, Apo A1 and Apo B levels and their ratio had no relationship with PSD, although they have been known to be risk factors for stroke. 37 The difference in HDL-C between the depression patients and healthy controls was statistically significant. 38 Our results also confirmed previous observations that low levels of HDL-C were associated with the risk of depression. Interestingly, a high LDL/HDL ratio remained independently associated with the development of PSD even after adjusting for HDL and LDL and other potential variables in our study, which indicated that the LDL/HDL ratio could also serve as a valuable and predictive marker for PSD. Several studies suggested that there were lower HDL-C levels and a higher ratio of LDL/HDL in female MDD patients than in individuals in the healthy control group. 39 Bush et al (1988) discovered that serum HDL-C levels and the ratio of LDL/HDL could be markers for anxiety or depression. 40 These findings suggested that depression was accompanied by impaired or reversed cholesterol transport. 41 However, an inverse association was observed in several studies. A nonsignificant association was observed between LDL and depression and high HDL levels were related to higher levels of depression, especially in women. 42 Another meta-analysis modeling serum LDL as a continuous measure demonstrated overall significantly lower serum LDL in depression. 43 The discordant findings observed in these studies may lie in the lack of consensus in the selection of the cut-off point at which to distinguish between low and high serum LDL levels when modeling serum LDL as a categorical measure. Thus, our study may provide additional supportive evidence for the association between lipid metabolic dysregulation and depression, as low levels of HDL and a high LDL/HDL ratio may both be risk factors for PSD. The effects of lipids on PSD have some possible mechanisms. Cholesterol is an essential component of cell membranes, is a major component of myelin and plays an important role in maintaining the fluidity of the plasma membrane and synapses function. 44, 45 It has been shown that reducing the binding affinity of a serotonin 5-HT1A receptor agonist, altering G-protein coupling of the receptor and decreasing activity of the 5-hydroxytryptamine transporter occurred as a result of decreasing the cholesterol content of cell membranes experimentally. 46, 47 In this way, low levels of serum cholesterol metabolism may directly influence the levels of brain lipids and the cell membrane fluidity, which in turn affect serotonergic neurotransmission. 48, 49 Post-stroke depression may have similar pathophysiological processes. In addition, serum HDL-C was found to be significantly associated with inflammatory markers, such as serum zinc and albumin. 50 Lower HDL-C levels have been thought to be partly a result of low-grade inflammation, which is mediated by interleukin 6 and has been observed in depression. 51 Studies also indicated that HDL-C is correlated with immunological markers such as CD4+/CD8+ T-cell ratio. 52 Therefore, lower levels of serum HDL-C may be related to the inflammation and immune response in poststroke depression. Moreover, HDL also has antioxidative properties; it can protect LDL from the oxidative damage caused by free radicals and can remove oxidized lipids from oxidized LDL, which are subsequently inactivated to inhibit intracellular generation of reactive oxygen species. HDL-C These findings should be interpreted with some caution. First, patients with severe somatic disease, aphasia and dysarthria were excluded, which may affect our judgment of the actual incidence of PSD. Second, the short follow-up period prevented us from investigating the actual effects of lipid profiles on PSD; thus, a longer follow-up is necessary. Third, we only collected data on serum lipid levels within the 24 hrs after the admission of the patients, and it may be necessary to conduct a further longitudinal study to evaluate the predictive value of serum lipid levels measured at multiple time points after stroke for PSD. Fourth, the diet of the patients was not recorded, which may affect subsequent lipid levels after stroke. Model 2: considering the incidence of PSD as the dependent variable and both quartile 2 and quartile 3 as the reference, adjusted for NIHSS score, BI score, mRS and current alcohol consumption. Abbreviations: PSD, post-stroke depression; OR, odds ratio; CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; BI, modified Barthel Index; mRS, modified Rankin Scale; HDL-C, high-density lipoprotein cholesterol, LDL-C, low-density lipoprotein cholesterol.
Conclusion
Despite these limitations, our results are inspiring. Our study indicated that metabolic dysregulation of lipid profiles had a significant influence on the development of PSD. Both HDL-C and the LDL/HDL ratio were independently associated with a greater likelihood of developing PSD. Additionally, the LDL/HDL ratio may provide additional predictive value for PSD, independent of HDL-C levels. Our findings should be considered preliminary, and further study is needed to compare the levels of HDL-C and the LDL/HDL ratio among stroke patients, the normal controls and depression patients who did not experience stroke.
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